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b1. RPE

The purposes of this research and developzent contract are to:

1. Develop practical l4-Cuo and LMg-HgO reserve cells suitable for

utilization in high-rate batteries.

2. Characterize the MgMa•(ClO 4 )2 /0 2 and MgA/g(OlO4 2 /CuO

dry cells.

3. Perform research studies to determine the factors and mechanisms con-

trolling anode efficier;y, inhibitor functicr,, and delayed action of

the magnesium anode with emphasis on the perchlorate electrolyte.
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2. ABSTRACT

This abstract describes briefly the significant accomplishments and progress made

on the U. S. Army Signal Research and Development Laboratories High-Capacity Mag-

nesium Battery Program by the Radio Corporation of America, Semiconductor and

Materials Division, during the eight quarterly period from March i, 1962 to

7May 31, 1962.

"Data are presented which show the low-temperature characteristics of magnesium-

magnesium perchlorate-mercuric oxide and cupric oxide reserve cells at ambient tem-

peratures down to -58"F.

Capacity data for three cell batteries are also included.

Data from mercuric oxide cell studies conducted to evaluate the use of a -itanium

cathode grid are summarized.

Low-temperature capacity data for magnesium-magnesium perchlorate-manganese dioxide

A-cell. and 6-cell batteries discharged at -20OF are presented.

Results from magnesium anode efficiency studies are summarized for pure magnesium

and AZ-21XI alloy over a current density range of 0.09 to 10.9 ma/cm2 . A correlation

of the efficiency data with magnesium corrosion film studies is also presented.
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3. OFEM E

On March 22, 1962, Dr. 0. S. Lozier and Mr. R.J. Ryan visited the U.S. Armo

Signal Research and Development Laboratories at Fort Monmouth, New Jersey to

discuss progress under the subject contract. Present at the meeting were

Messrs A. Alverini, J. Hovendon, C. Trigg and D. Wood of the U. S. Army Signal

Research and Development Laboratories.

On May 8, 1962, Mr. C. Trigg of the U. S. Army Signal Research and Development

Laboratories visited RCA in Somerville, New Jersey, to discuss progress under

this ocmtract. Present at the meeting were Dr. G. S. Lozier, and Mr. R.J. Ryan

of RCA.
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4.1 MAGNESIUM PERCHLRAT~E R~ERVE CELLS

Data were presented in the Seventh Quarterly Report of this contract showing tha

characteristics of mercuric oxide and cuprio oxide reserve 0.118 at discharge

rates frcm one to eight hours.* Those studies were continued during this report

period to determ~n the characteristics of tb~se:.%aytems during low-teu~erature

operation.

4.1.1 Magnesign-?Mercu~ric Oxide Cells

4.1.1.1 Low-Temp~erature Studies

Mercuric oxide ca~lls of 277 aupere-minutes theoretical cathode capacity

-ere used for all characterization studies; the construction of these

cells was described in the Seventh Quarterly Report. Two types of cell

cases were used for the low-tesperature studies, a non-insulating rigid

plastic case and a similar cas, with a one-half inch thick polyurethane

foam jacket added. The cells were activated with 5K magnesium-perchiorate

electrolyte at r'oom temperature and allowed to stand at the test ambient

temperature for a period of five minutes prior to starting the discharge.

This type of activation pvwceure is similar to that used in meterologioal

applications.
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The capacity data for single cells discharged at constant-current drains

of 0.5 to 4.0 amperes and at temperatures as low as -58OF are presented
in Table 4-1. The data show that room temperature capacity can be

approached at low temperatures by insulating the cell case to conserve

the heat evolved from the magnesium reactions. With the 4.0-ampere

discharge, a sufficient internal cell temperature is maintained to give

room-temperature capacity. The capacity of the non-insulated cell at

an ambient temperature of -40*F drops to 60 percent of the room tempera-

ture capacity.

Discharge curves for both cells at an ambient temperature of -40*F are

presented in Figure 4-1. Data for the cells at an ambient temperature

of -587F are presented in Figure 4-2.

Three cell batteries were constructed of cells sinilar to those de-

scribed above to determine the low-temperature characteristics of a

multiple-cell unit. The three-cell batteries orer activated with

room-temperature 5N ,agnesium-perchlora-e electrolke r-s in the previous

single-cell tests and discharged at a one- azpere rate. Discharge curves

for these batteriesboth with and without polyurethane insulation, at

an ambient temperature of -40OF are presented in Figure 4-3. Tha data

show that full room-terperature capacity was obtained with the insulated

battery. For the non-insulated battery, 50-percent capacity was obtained

to a 20-percent voltage-drop end point. The gradual fall off in

voltage is caused by heat loss from the cells. It should be noted that

.magncsiun-z•-uric oxide cells have an operating voltage of 1.20 volts

at -40*F where no heat is conserved.
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Capacity data for a three-cell battery- discharge at 1.0 ampere at an

ambient temperature of -58°F are presented in Figure 4-4. A one-half

inch thick polyurethane foam jacket was used for insulation. The data

shows that 83 percent of the room temperature capacitly was obtained to

a 10-percent voltage-drop end point.

In the above studies cells were activated with electrolyte at 700F.

For cells activated at low ambient temperatures the initial operating

voltage is equal to the operatrng voltage for that temperature as given

in Figure 4 of the Fifth Quarterly Report of this contract. Cell voltage

then rises during the discharge as heat is generated in the cell reactions.

It is apparent from the above studies that magnesium-mercuric oxide bat-

teries can be designed with excellent lo:7-;o:-- •rature characteristics.

4.1.1.2 Evaluation of Titani=. Grids

Mercuric oxide cathode plates require either a pu.r- sil-. r or ý silver-

plated copper grid to provide good perfornce. These grids ho.,.xver may

be limited in various applications because silver-plated grids _- akdovm

on activated stand tests as previously reported. Pure silver g;'- also

can break donm an long discharge rates (24 hours and over) due to a:l-

gamation with the mercury from the cathode reduction. The use of L; ex-

panded titanium grid was studied for uze uith mercuric oxide cathc•.;.

Four cells were constructed using 2-inch square cathode plates made vwi-h

lorilC-1/0 expanded titanium grids. Theoretical cathode capacity was

277 ampere-minutes. Two cells made with pure magnesium anode plates

4-,



|I were discharged at four-hour and eight-hour rates to a 20-percent

Voltage-drop end point at an ambient temperature of 70F.

The results of the tests showed that these cells had a capacity equiva-

lent to cells with a silver-plated copper grid. The initial cell vol-

tage was 0.20 volt lower then ocparable silver-grid cells; the voltage

then increased to the silver-grid cell value after 25 percent of the

discharge. This effect is probably associated with a surface film on

the titanium grid. Two cells were also made with AZ-31 magnesium anode

plates and discharged at the 24-hour rate both inmediately after acti-

vation with 5N magnesium-perchlorate electrolyte and after a week

activated stand. The data axe plotted in Figure 4-5 and show a nine

percent drop in capacity after the one-week stand. Anode efficiency

measured 64 percent for the cell discharged irzediately and 59 percent

for the cell discharged after a one-week stand. it can be concluded

from these tests that titaniun grids can be used in low-rate mercuric oxide

cells where silver grids are limited.

4.1.2 Ita-nesium--Cupric Oxide Cells

4.1.2.1 Low-Teuperature Studies

Magnesium-cupric oxide cells with a thcoretical cathode capacity of

590 ampere-minutes were tested at discharge rates from two to eiglf,

hours at ambient tenperatures as low as -587F. Cells were activated

at room temperature with 5N magnesium-perohlorate electrolyte and

allowed to stand for five minutes at the test ambient temperature before

4-4



the start of 41-charg:. The oagcity data as determined. b~Y te

Sane presented in Table 4-2. Peresenttve curves for callshow

at 2.0 amperes and ,.0 amperes at vwious twspe u am sho IS

Figares 4-6 and 4-7.

The test data show that room-t•perature eapacity Is obtained at

teoperatures a dow to -580F for oells with a polyurethane Jacket.

Capacity of noninsulated oase cells discharged at -40 and -1407

dzoppped to less than 20 percent of optimu• capacity. These results

show that the cupric-oxide cathode is highly temperature dependent

and that control of heat within the cell will affect cell capacity.

Also., the cupric-oxide cathode has a high temperature coefficient and

wide variation of cell voltage can be obtained. Data were presented

in Figures 10 and 11 of the First Quarterly Report of this contract

which showed the variation of magnesium-eupric oxide cell. voltage

with teiperature over .a temperature =nge of 0 to 80 C. This var•atia

is evidenced in the present study by the increase in cell wolta;e of

cells enclosed in a one-half mob p elywiatbne ease as shom in 3Ayrez

14-6 and 4-7. The high operating voltw Iadl.eates an intern.a calA.

*T t~e~eq batm e above 4OC.

The low temperature studies of the cupric oxide system deseribed

V above show - ..t good capacity can be obtaied down to at least

-580F. Cell operating temperature however, must be controlled, by t?.t

battery design to insure proper operatirn vo.l•ge.
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4.2 MAGNESIUd PERCHIORATE DRY CEILIS

The results of initial studies of the low-temperature characteristics of

"M/•g(C10 4 ) 2AW 2 dry cells were summarized in the Seventh Quarterly Report of

t~e ecatraot. Data were presented for cells with a 3.6N 14(0104 )2 electrolyte.

These stuAies were aontinued during this quarter to determine the characteristics

of .l2s with a 5N Mg(C104 )2 electrolyte.

Capacity data for A-cells discharged through a 16-* ohm load at 707? and at

-I0OF are presented in Figure 4-8. The data Shoiws that the cell capacity is

sharply reduced at the lower temperature with the cell having only 26.5 percent of

its room-temperature capacity.

The low-temperature tests described above were conducted with no covering or

insulation. In an effort to study the effects of insulation cn cell capacity, two

six-A-Cell battery packs were constructed, one with a cardboard case and one

with a polyurethane-foam-potted case. The cardboard-case battery measured

2.05 x 1.425 x 2.175 inches and weighed 123.6 grams; the foam-case battery z.'asured

2.675 x 1.85 x 3.075 inches and weighed 136 grams. The six-cell batteries t.'-a

tested by storing at -20*F for 16 hours and subsequently discharging them LrouCh

j a 100-ohm resistor. The capacity data are presented in Figure 4-9. The da-.

show that a discharge time of 3 hours and 45 minutes was obtained with the foam

insulated battery to a 5.4-volt end point with an average voltage of 7.55 volts

compared to a discharge time of 2 hours and 10 minutes for the card board case

bat-"ry with a 6.2-volt average voltage. Although an improvement was realized

JI wit- the foam insulation, only one-third of room-temperature capacity was

obtained.
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i The batteries from the above tests were then placed back on discharge at room

taerature and full capacity was obtained from both batteries ror the combiza-

II tions of 1ow-temperatixre and roomi-tepperature discharge.

A study was made of the differences in cell components at temperatures of

70F and -207F to determine possible causes of loss of capacity at low temperatures.

Cell anodes, cathode bobbin, separators, and carbon rods were measured and examined

at the two temperatures. No change was noted in dimensions of the anodes orit,
*arbon rods. The separator and the cathode mix appeared wet and similar to

room temperature appearance at the -20'F e.a . The only significant varia-

tion noted was a slight loosening of the cafbon rod in the cathode mix. Cell

structure and fabrication studies are continuing for the posae of improving low-

temperature perfor=ancc.

4.3 MAGNESIUM ANODE EFFIC0L:CY SSTUDIZS

Data were presented in previous quUwt=r5y re~o.z of tIis contract which shod

the variation of magnesium anode c.fficiency vJith alloy type, tcmperature, and

type of discharge rate. Figure & of the Fourtlh showed the

variatian of AZ-10 mzagnesium anode efficiency as a function of current dens:.:y.

Anode efficiency studies were contLnued durig t-his report period to deter"ine

the efficiency of pure magnesium and IZ-21 alloy, at various current densities

and to correlate the efficiencies uith data from impedance studies.

4.3.1 Anode Efficiene-

The cell geometry uz -d was sinilar to that d- ihd for tho impedance

study described in section 4.3.5 of the Scvcnlh QwP,•arly Report. Magnesium
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anodes 0.125 inch in diameter with an 0.5 inch exposed length were used

with a platinized platinum cathode in 2N magnesium-perchlorate electrolyte.

1 i The cells were discharged at various constant-current drains. No inhibitwe

1. were used in the electrolyte. The anodes were cleaned in acetic acid

pickle solution prior to the discharge and in a chramic-acid solution

immediately following the discharge. The anode efficiencies were then

determined based on the resultant weight losses.

Figure 4-10 shows the anode efficiency of the two alloys as a function of

current density. The data show a nearly constant efficiency for the AZ-21X1

alloy. This, together with its excellent low-discharge rate efficiency,

makes this alloy desirable for use in magnesium dry cells and low-rate

reserve cells. The efficiency measured for the AZ-22X. alloy anode was

somewhat, lower than expected. The reason for this reduced efficiency is

not known at present. In practice, efficiencies as high as 80 percent have

been obtained for this material used in reserve cells. The pure magx.sium

anode has a much higher efficiency than the AZ-21X1 alloy anode at high-

current densities which results in optimum performance in high rate r,- ,rve

cells. At current densities below 3 ra/cm2 the efficiency falls off S..2rply,

limiting the use of pure magnesium at low discharge rates.

Cell polarization data is presented in Table 4-3 together with the efficiency

data and the anole composition.

4-.3.2 Correlation of Anode Efficiency with Magnesium Corrosion

Film Studies

A study method, based on impedance measurements, for magnesium dissolution

4-8



processes vas described in the Seventh Qmxterly Report of this oontract.

Measured va.ues of the capacitance and rsistmee of the nep.iud OCETor isim

film were related to film area and thickmess and preditions were made of

the anode efficiency of AZ-2U.UX and pure .saieim. ftguw 4-Ii. and 4-12

show the relationship between exposed anode area and anode efficiency as a

function of current density. The data show that tke exposed area (A - At)

decreases with decreasing current density to a point vwh•e the total anode

surface is covered with corrosion film. This ocaurs at 1. =a/= 2 for pure

magnesium and 0.3 ma/cm2 for the AZ-23Xl alloy.

The rate of corrosion film formation is much greater for the pure magnesiu

as indicated by the higher current density required to have exposed magnesium

present. Below this current density the corrosion film formation rate in-

creases as the load-current density decreases, resulting in a decrease in

anode efficiency. Good agreement is shown between the anode efficiency

curves and the data predicted in the Seventh Quarterly Report.

0.



Low-terperature characterization of magnesium-magnesium perchlorate-nercuria

oxide reserve cells show that room-temperature capacity can be obtained down to

-58*F with the use of a polyurethana insulated cell case. Fifty percent of

room-teMperature capacity is obtained at -40°F for noninsulated cells.

Characterization of magnesium-maxesium perohlorate-cupric oxide reserve cells

show the capacity drop to below twenty percent of optimum at -40°F. Good

capacity can be obtained however with the use of an insulated cell case.

A titanium cathode grid was shon to perform satisfactorily in the mercuric oxide

reserve cell. Activated stand tests showed a nine percent loss in capacity

after a one week stand

Capacity data for magnehium-mgzlesium perchlorate-=Zganese dioxide A-cells and

six cell batteries show only 25 percent of room terperature capacity is obtained

at -20"F.

V Anode efficiency stuies showed efficiencies over 80 percent are obtained for

pure magnesium at high current densities. Efficiency of pure magnesium falls

off sharply at current densities below 3 ma/cm2 .

Data for AZ-21X1 magnesium alloy show nearly constant efficiency with good

efficiency at the low-current densities. Good correlation was obtained between

the anode efficiency data and magnesium corrosion film studies presented in the

Seventh Quarterly Report. 5-1



6.PoGRm. FOE T-7 r7r

1. Low-temperature studies of magnesium-magnesium perchlorate-maganose

dioxide dry cells to improve performance will be continued.

2. The performance of manganese dioxide reserve tyr cells will be de-

termined.

3 * The magnesium corrosion film studies will be continued.

If



7. DISTRIBUON (F HOURS

G. S. Lozier Project D.,re.o*U 96

R. J. Ryan Physical Chemist 200

E. F. M3ier Physical Chemist 39

J. B. Eisen Physical Chemist 58

J. Vossen Physicist 78

M. Kuettel Technician 237

A. Lindabery Technician 56

P. Nichol Technician 384

L. Trager Technician 12

Misoellaneous Tecbnical Perscmel 89

7-1



CAPAMT TO 20-PER.

DISCHARGE AMBIMT DISCHARGE AMýlP

(Auqer*&) I or) IOR IRK. CVOIt) CEL 014E

0.3 7 8 4 1.7 5aaiiaulatedplaati

0.5 15 1.18 umimulata4 plastL*

0.3 - 49,0 30 $1.62 2/2-±no p. yo

0.3 -40* 4 w 1.110nc o o

0.5 .. 58. 2 I1.51 1.4-±imh~ powytom

1.0 4 22 18 zuaa l~i

1.0 - 4 2 10 1.57 nOciLnam1&Ue plasVA

1.0 .400 2 i 30 1.07 naon~ssu2atad plawtiA

1.0 -4 03 '.. 50 1.67' 1/'-inah pol.yfa=

1.0 -03 2.1 1.69 IA/-1noh polyfo=m

1.0 -W31.6.4 1/Znoh po2.jgoam

2.0 +e7 2 5 1.79 n~mqnsu)1atad plwstc

r2.0 2. 14 1.306 nc±!wajtcdpleacti

2.0 -4 2 32 1.47 ~ dX~p~ts

2.0 1 49 1.63 V2q4".fch p~

2.0 - ~ 1 41 1.66 . /2-±nah poloma

Too -58 1.74 ~ 4o o4t

Table 4-1.. Capuityr Data for iLA(C104 )2/:ccz- Reserre
Celin at Vaz'Sui Miabazge Rate" and Tae~;wras.



CAPACITY TO 20wPER-
CENT VOLTAGE DROP

DISCHARGE AMBIENT DISCHARGE AVERAGECUR• TEMPERATURE TI 2 VOLTAGE
(A-re) (F) ROUPS MW. (Volts) CELL CASE

1.0 700 a 30 1.06 noninsulated pluatio
plus beat sink

2.0 700 4 20 1.10 noninsulated plastic
plus heat sink

2.0 - 40 4 49 (1) 1.29 2/2-inch polyfoam

2.0 -40" 4 5 1.02 2/2-inch polyfoam

2.0 -58 4 23 1.06 2/2-inch polyfoam

4.0 70* 2 3 1.060 noninsulated plastic
S, plus heat sink

4.0 - 40 2 2 (1) 1.35 i/2-inch polytoam

4.0 -40" 2 21 (1) 1.26 2/2-inoh polyfoam

4.0 58 2 4 (1) 1.33 2/2-inch polyfoam

1.0 - 49 4 1 10 (2) .98 1/2-inch polyfoam

1.0 -40° , 4 f 20 (2) .95 f/2-incb polyfoam
1.0 -580 4 j 50 (2) .96 2/2-inch polyfoam

2.0 - 40 50 1.00 ncaainsulated plastic

2.0 -400 48 1.02 noninsulated plastic

.' - 40 27 .89 noninsulated plastic

(1) ;o 1.10 volts
(2) to 0.80 volt

Table 4-2. Capacity Data for gA(.!i(ClO )2/CuO Reserve
Cells at Various Discharge Rates andemperatures.

8-



Ii

APPARENT Lmom A)2JA .y (2)
CR CELL( ANODE ANODE
CURIEY VOLTAGE EFFICIENCY VOLTAGE EFFICIENCY

) (volts) (ere (volts) (peroent

10.9 0.59 82.3 0.50 66.9

7.8 0.64 81,8 0.54 67.1

3.8 0.73 77.4 0.61 62.2

2.0 0.82 73.6 0.64 67.1

0.46 0.94 49.7 0 64 64.5

0.09 1.20 33.9 0.92 59.0

Notes:

(1) ow Sublimed MYq
%A1 Ca Cu Fe In __i Pb Si Sn Zn

(.O03 <.ol <01 <.0.001 (.001 (.0005 (.002 (.01 <.01 .003

(2) Dow AZ22xl
1.96 .15 <.001 .0014 .016 (.0005 .004 <.01 <.01 1.08

03) Magnesium vs. platinized-platinum.

Table 4-3. Magnesium Anode Effticiery Data in
2N Magnesium Perchlorate Electrolyte.
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APPARENT Pi, tlESI (1 A7XA A:UMy (2)
CURRENT CELL3 ANODE CELL10 ANODEDrmIg VOLTAGE EFFICIENCY VOLTAGE EFFICIENCY

(21/gz!) (volts) (per, (vws) (perce

10.9 0.59 82.3 0.50 66.9

7.8 0.64 81.8 0.54 67.1

3.8 0.73 77.4 0.61 62.2

2.0 0.82 73.6 0.64 67.1

0.46 0.94 49.7 0.64 64.5

0.09 1.20 33.9 0.92 59.0

Notes:

(1) Dow Sublimed K'-,
SCa Qu Fe t r.i P Si Sn Zn

(.003 <.01 .001 <.001 <.001 <.0005 (.002 4.01 <.01 .003

(2) Dow A22X1
1.96 .15 <.001 .0014 .016 (.0005 .004 <.01 <.01 1.08

ý3) Magnesium vs. platinized-platinum.

Table 4-3. Magnesium Anode Efficiency Data in
2N Magnesium Perchlorate Electrolyte.

F 8-3



Iii

- 4

w 0
LiJi

C,)-J
zz

w 0

w U0%.

x iL

z- '-(1

LiL

/ 00
(SIIOA-.. 30.'O 13

-8I



w
w

.0 (D

'mI

a- 5 co

0 .

w 4
0.. / c a

0 )

o - w

0D N 0 O

U) I-1A 3O10 T



ri C

U) 0

C0 z

>Z > O

w 0
0, 0 4

WI 01'- N
4-H

D 0

w >0 k
a-I > ;

IW >
0 0

n >

V ~(SIIGA) 39VI-10A 1133-0

8-6



IL.

UlU
iOW

000

0-V C)
LLI0

0>I

wH

9V\

~44

09

4C0 0 0,
03 4



>11
000

K ww ZLiJ
0(DO

LC>

00 -A4

4 c
W 'R - - co

40-

>0 0

00

crt

-0-

< I"

> 0

08-



000,

-- 0 --

w 10

w 'I 4

o a,

I I z

CL)

0~2
* I

I w C).

C/)10A 39I-0 -- 302

k-~ &I



Ii9

0,

0 co

D 0
w Z,0

I- ~40

4 
%~

~ ( o
cq 0 C

(S11A EVIIAT

~ i-;- w -10



fii

4-)
C

LL. 0000

.000

1000

0 Go

(SI'10A 39VI-j -1-1-



hdh

;7-,

uiu

CS'O) /EV7O "Il

8-1



1 0

I -

-- - 1--!

\ 
z -V

"- - - -
- .:

- -
1*"

---- 1--') AON3--'_ 30 II

I& 
1

, .
-, i ! I n-O

-io c - -• • - -.

• }(I ':I • d ) ON 10 -11 - -0N-¢

-

]0
Ut-1.



(IN3I 83d) AON31I0I.4-3 30ONV00 0 0 0 0 0 0 0 0 0
S- , tO N £ 0

. E
__ - --- 4 .

4 - . _

___ 00
I _ _ _ _ _ _ __--_o

-r 4.3_ __ _i_ _ _ _ - I• -

zI-l

to IV i z

14 _8 14

,- -- - -

! 5 J
V n 0 'C : Q t) o 0in \. to to LV N_

6o6 6,600



(IN3j 83d) AON31014A 300NV
o o 00 0 0o 0 0 0. 0

-- -4

14--

U.J

00+-

C 0-7

0 0

_ _ _eUO

_ _ _ _ _ _ _ _8 15



DZWSrW3TION LIST
EIMEH QWARTELLY REPORT

CONTR*M NO. DA-36-039-W-85340

Coinnding Officer Cot .n't Officer & Direoato
U.S.A. Signal Research and Developmet U. S. -1 i lectromies LabOm<atO7

Laboratory San Diee, 5z, Califeonia (1)
Fort Monmouth, New Jersey

ATTN: Logistilcs Division Commander
(mUMD FOR PROJEGT Air Force Conmna and Ocntrol
SENGINEFt) (16) Development Division

ATTN: SIGRA/SL-LNR (1) ATTN: CRZC
=ETN: SIG14/SL-P (1) L. 0. Hanscom Field

ATTN: SI GWA/SL-LN.•E (1) Bedford, Massachusetts (1)
,.ITTN: Dir of ResearVh/Engineering (1)
ATTN: Technical Document Center (1) Co-nmander
ATTN: Technical Inforar-tior. Div Ro• Air Development Center

(um] sIASFIED ,REPO,'P3 ONLY ATTN: RAALD
FOR RETRANSINITTAL TO Griffiss Air Force Base, New York (1)
ACCREDITED BRITISH AND
CANADLAN GOVF••ENT Coz•anding General
REPRý ENSFATIVES) (3) U.S.A. Electronic Proving Ground

AWTN: Technical Library
OASD (R&D), Rn 3E1065 Fort Huachuca, Arizona (1)

ATTN: Technical Library
The Pentegon Corandi:.g O: Picer
Washington 25, D.C. (1) Diazond Ordnance Fuze Laboratories

ATTN: Library, Room 211, B14g.92
Chief of Research and Development Washgtuon 25, D.C. (1)
0CS, Departnr.t of the Army
Washingto. 25, D.C. (1) Cc:.z- .ing Officer

U.S .A. 2all Equipmt S3 ot Agency
Chief Signal Officer ATTN: SIGM-ADJ

AT2N: SIGRD Fort Monmouth, N.J. (1)
Departrnent of the Ara
Washington 25, D.C. (1) Daputy President

U.S. Army Sec rity Agency Board
C:-ief Signal Officer Arlington Hall Station

ATTN: SIGRD-4a Arlington 12, lirginia (1)
ýpartrment of the Army

SWashington 25, D.C. (1) Commxader
Armed Services Teclhioal Information

)irector Agency
U.S.Naval Research Laboratory ATTN: TIPCR

A%?N: Code 2027 Arlington Hall Station
Washington 25, D. C. (1) Ar lngton 12, Virginia (o0)



DISTRIBMION LIST (cont'd)
DA-36-039-SC-8340

EIGHTH QUARTELY -RFXW

Chief Office of Naval Reseazoh (Oode 429)
U.S. Army Security Agency Department of the Navy
Arlington Hall Station Washington 25, D. 0.
Arlington 12, Virginia (2) ATTN: Mr. James R. Pattca, Jr (1)

Coanannder 0c z ,: -. r
Aeronautical Systems Division Aero:. •ic.l Systems Divisio

ATTN: ASAPRL zr.gt-;.; .rson Air Foro* Base
Wright-Patterson Air Force Base, Ohio (1) Ohi

ATTN: .-. George W. Sherman (1)
AFSC Liaison Office
Naval Ai.r Research and Development Assistant Director, Material Sciences

Activities Connand Advanced Research Projects Agency
Johnsville, Pennsylvania (1) The Pentagon, Room 3E153

Washington 25, D.C.
Comwtander ATTN: ..:r. Charles F. Yost (1)
Air Porce Cambbridge Research

Laboratories Advanced Research. Projects Agency
AT2.T: CR0 Tho Pentagon, Room 3:-57

L. G. Hanscom Ffcid 1ashhiraton 25, D. C.
Bedford, Massac.usetts (1) ATTN: Dr. John H. Hu-.. (1)

Commander Headquarters National Aero;.. -ics &
Air Force Con.,and and Control Space Administration

Developmant Division Office of Nuclear Flight Sy& s_.
ATTN: CCR$R (1) Washington 25, D. C,
ATTN: CCSD (1) ,.AN: 11r. David Novik (-&' (1)

L.G. Hanscoz ?i&ld
Bedford, Ma: chuts National Aeronautics & Space Ird stra-

tion
Liaison Officer; L.V1 1512 H. Street N.W.
U.S.A. Signal c:&ch and Development Washington 25, D.C.

Laboratory ATTN: Mr. Ernst X. Ooan (RPPP' (1)
75 South Grand Acv., Bldg. 13
Pasadena, la-ifornia (1) Equipment & Supplies Divisim

Office of Ordnance
Power Infornaticn C o-.er Office, DODR&E
Moore School Builc-lz The Pentagon
200 South TZarty-h..rd Street Wash.ngton, 25, D.C.
Philadelphia 4, Pennsylvania (1) ATTN: Mr. G. B. Warehba (i)

Ariy Research Office Bright Star Industries
Office, Chief Research & Development 600 Getty Avenue
Dec rtnent of the AraW Clifton, Ne.J
Roc. 3D42,, The Pentagon ArTN: hx. F. i0ller (1)
Wa. ington 25, D.C.

INTT: Dr. Sidney J. .•agram (1) Mallory Battery Compaw,
Tarrytown, N.Y.

Director Advanced Concepts Division ATTN: Mr. T. Da,1tonso (1)
Bureau of Ships (Code 350)
Washington 25, D.C.

ATTN: LODR, Frank W. Anders (1)



ZIOM •LI (O ,td)'[1 flA..6-0396.8C-640

The Dow Metal Produets Co.
Midland, Michigan

ATTN: Dr. R. Kirk (1)

Burgess Battery Company
Freeport, Illinois

ATTN: Mr. M, Wilke (1

Union Carbide Conusumar Products Co.
Cleveland, Obio

ATTN: Dr. F. Granger (1)

Electric Storage Battery Coupany
Ray-O-Vac Division
212 East Washington Avenue
Madison 10, VWisco.nsin

ATN: 1r. P. Albert (1)

Marathon Battery Corpany
Wausau, Wisconsin

ATTN: Mr. G. Schroeder (1)

American Cyanaidd Co.
Research Service Dept.
Bound Brook, N.J. (I)

Comzanding Offieer
U. S. Naval O Laboratory

ATTN: Library (Spindler)
Corona, California (1)

Electrcchemica Corp
1140 -O-arLen Drive
Venlo ? ?L=, California

ATTN: Dr. M. Eisenberg (1)

Sandia Corporation
Sandia Base
Albuquerque, New :..axico

ATTN: Librarian (1)

Ii

Ii



I ii i ,. 1

a ofa •SI. A.

I . !' o+ •s-+-

Ia .- I d<E' iJ-;' " ',1"

I k 01

t + ' 13 .
2  

3 -

IC 13, w+ m 00! S • l++'

A-11 ., q W., 7)-

- I ! iiU

I """ " " . (3-

* *i t.l5ls 4 ' lI "g'jjp iIV,

al 0

.00 6cf

2 '7 in• + +"i"c~ ::
i! + 1 ' iN

-+ -- " u -+ .I I
- ' !] ;: "i!=

K ; 46t IJ"+'"h ~t~~ III,. .,.,,,,V!i '
i~I~A __________________


